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ABSTRACT ^ ' 

^ ftf understand a text, a reader Bust engage ifc three ' 

important, cognitive activities— recognition, comprehension, and 
Memory. Based on ^his premise, two experiments were conducted with % 
children to assess individual and developmental differences in speed 
of vord recognition and. how th&se ^differences related to performance 
•on a variety.; of memory -tasks* One unexpected finding iras that 
although rdpidity of word, recognition - increased sharply and 
continuously from grade one 1 to grade nine, development «as 
independent o^ this increase* ,An important Implication of the two 
experiment's is that developmental gains in rapidity .of vord 
recognition may have no necejssary 1 relation to memory" improvement, but 
that individual differences may go hand in hand tilth/differences 
among the same individuals in pemory skills**Twa-ctfier experiments 
v{th school- aged 'children Revealed that' certainr effects £t;u<lied 
extensively ill sentence verification (the negation and 'comparator 
effects) replicated veil In sentence completion^ that* stable . 
differences among individual ' children did ex£st, and th%t the 
differences probably derived from variation in ihe, Efficiency vitU 
which different children executed elementary cognitive processes* 
(The full repor€ of the first two experiments is appended.) (HOD) 
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I • Introduction , J V ' 

. • . *. . , ■ . \ 

"He correctly read £ll the words in the text, but he # f ailed to 
understand it." Statements "of this kind 'are often mdde by teachets of, 
children in th^j early and middle grades* j 

, If the child in question is in the early grides, 3ome y educa*tprs and # \ 

Iteychologists would claim that ,the child *is not really rjg|td,ijigj he as merely 

sfeying. word**— Underlying this claim is an assumption that the. child ma£ have 

had sufficient intellectual prowess to 'understand the text, but Kas 

.handicapped by having to read it* Perhaps the child would have comprehended 

better if someone else had read the text to him, and the child had simply 

listened ♦ • • / * 

? . 

* In an plder child, one who has reached *the middle grades and i^ able to 

read words "accurately, poor comprehension is typically attributed ^> 

difficulties different frqm those that may^handicap a younger child. One . 

might s^pect* that the blder child would comprehend the text no better by 

listening than 'by reading. Perhaps the barrier to understanding for the 

older child is unrelated* to the modality xn which the message iaAxpressed. 

Rather, the difficulty may reside in factors such as the complfefiErty of the 

text, th£ reader's familiarity with the domain of ideas from vjspch tfce text 

is drawn, andL the Child's skill in recognising implicitly an^exfclicitly 

stated meanings. , ■ ^ 

This contrast between younger and older readers is cfraiely related to a 
distinction Vetween developmental* and .individual dif^er^Bjes i^n ^J- 
comprehension. The younger child's failure to read effectively for the 
meaning of q text may be a handicap specific to the n^od^ of reading. * * 
Development, of reading skills' removes this handicap •£*4he improved 

^understanding of an ol'der child i$, therefore', patitjr a result of 
developmental processes involved in acquiring reading skills. Poor reading 
skills may not be the only, impediment to understanding, however, and 
difficulties unrelated to basfic reading skixiS jaay hinder novice readers and 
persist even in*skilled readers. * These difficulties may be Viewed as* 
individual differences. Some of the relevant dimension^ of differences among 
individuals may be their background knowledge of the material to be 
understood and their facility In such fundamental cognitive processes as # 
inference, storage of concepts in memory, and* retrieval from mesfory. % The 
distinction between developmental and individual difference is, to be sure*; 
neither simple nor absolute. The two kinde^Of differences feay ioexist in a 
child i A poor reader in the middle grades may suffer deficits that are 

.partly developmental^ partly individual. Nevertheless, the distinction 
proves to be. v^lu^ble as, a device for understanding possible causes qf 
children's^ difficulties 'in seeing 'meaning in what they read. 9 * 

The 'general fcoal of the research described in thip report was. t& examine 
systematically individual and developmental 'differences^ in cognitive 
abilities related to* reading* The importance of Research in this arrea is 
implied by investigatory who have reviewed the state of our current knowledge 
of the psycholo&y of reading. Gleitnap.and Rozin (1977) proposed that' 
literacy should be defined as tfce ability to comprehend at 'least as well by 
reading as by listening* !This proposal was accompanied, however, by the 
discouraging observation that too little is known about proper methods for 
comparing re&dittg and listening, comprehension, and that, as a consequence, ^ • 
there is no simple w$y Jo assess whether 'an individual nay be considered 



'literate under the proposed definition. . Some of the complexities of " 
assessment are discussed later in 'this report, ■ . 

Significantly, the^book containing' th& apticle by Gleitman and Rozin, 
although intended, apparently, to toe a took on all psychologically important 
aspects of reading, contains several .chapters on visual reco£nition"of words 
tut only one chapte'r on comprehension. A similar imbalance is evident ia an 
otherwise comprehensive took, The Psychology of Reading y toy Gibson and ^ 
Levin (1975)» The imbalance in both books is not the fault of the 'authors. 
As Gibson and Levin rightly observed (p., 392), "Ve Know far less, in terms of 
basic research, at 'least, about factors that influence comprehension of 
sentences and longer passages of discpurse in rea ding t han we do a bout _ 
factory that influence reoognitidr^^f individual words." ResearctTin tBe ' 
past five years has begin to correct this imbalance, but it still exists as a 
problem % • m 

> ■ 
The imbalance is unfortunate. Our knowledge of the psychology of 
comprehension is meager, yet ^omprehension.*is the essence of literacy, if , ■ 
attainment of literacy is taken to be the achievement of equal facility in 
# under standing spoken and printed meanings. Moreover, an adequate theoretical 
an4. empirical account of comprehension is critical for understand irig and 
alleviating the problems'of poor readers, who often recognize printed words 
well enough hut fail, nevertheless, to comprehend. " % ^ 

The remainder of this report addresses th^se issues in the f611owing 
manner. First, a theory is described which outlines cognitive interrelations 
among processes of visual recognition^ comprehemion^ and memory. Tfre~ theory 
descries how these component processes interact during the 'act of reading 

^for meaning — how the processes interact effectively in readers who understand 
well and how vario^ limitations 6c the component processes may cause poor 
understanding. Sefcorid, results are reported for a series of five experiments 

•conducted under the terms of grant NIE-G78-0052\ 



II* A Theory of Reading 'for. Meaning ^ 

* ' • - i 

. Reading to understand is surely a complex and elaborate cognitive skil£. 
Iffr complete theory of that skill is available. Several theorists have H 
proposed models for facets of the larger process. There are models of word* 
recognition (e.g., Bassaro," t975; Rumelhart 4 Sipie, 19T4), of 'parsing and 
remembering proportional statements* (e.g. , Anderson, 1976xKint3ch, 1977), 
and of ^recognizing highly abstract fojms of meaning and^-textual structure 
(e.g-, Simon & Hayes, 1976 t j -Thorndyke, 1977).* , 

» 9 - 

. ThQ theory behind the present proposal is somewhat different from the - 

precedin g th eories. Rather tnan present a detailed account of an isolated 
facet or reading comprehension , this report describes a general view of tlie" ~ 
holistic process of finding meaning in print. Discussion of the theory, will - 
be somewhat brief. A more thorough presentation is .available, however, in 
Jfilkinson (198(^* ' _ - / 

A. Essence of the Theory m \ 

To understand a text, a reader must engage in'many cognitive ( 
activities. Three of the most important ao^ivities "are processes of visual 
recognition, comprehension » and memory . The fotfr words underline^ in the 
preceding sentences arfe central to the theory. It seems best, th^reftfre, to 
begin by defining these terms. * / 

' Recognition is identification of a printed configuration as a known, 
item. The item is probably no larger than a short phrase (Rayner & KcTConkie, 
1977). The perceptual process^ of recognition may, but need riot, be, 
accompanied by association of *the recognized item with i^s sound, its . 
meaning, or both. 

C6mgrehension *ls the set of .constructive and inferential processes 
(cf. Paris 4 Lindauer, 1977) by which an internal representation of the 
meaning of a text is derived. The representation may include propositional 
meanings (e.g., Anderson, 1976; Kintsch, 1977) as well as higher-ordes 
information about; the -structure of the ,text, (Handler & Johngon, 1977; 
Thorndyke,- 1977) • Effective comprehension is the construction of a 
, representation which is intently cohesive, veridical, and well linked with 
the understander's prior knowledge (G-reeno, ? 1977)*^ ^ 

■» v 

Memory is the ^et of processes that store and retrieve the outpUts'of 
recognition. and comprehension. . * f < * 

- > ■ 

Understanding , fes the term will bemused frofi now on, is to be 
distinguished from comprehension. Understanding is the holistic process that 
encompasses all of recognizing, comprehending, and remembering. 

There, is more than one wiy in which processes of Recognition, 
comprehension, and memory might J>e organized in the cognitive activity of 
-understanding*. .One possible fo rm of or ganizatio n abuses an interactive 
model of reading "(Stanovich, 1980; Wilkinson, J9BCJT; In afTTftTeracl;Tve^ " , 
model, processes of recognition, comprehension*, 'and memory are all * # 
interdependent. Any of the three processes may hinder or facilitate the 
operations of any other. In addition, tbe processes axe all aasumed to draw 
upon common pgol ST. cognitive resources, although it is. neither known nor 
hypothesized whether the common resources are central attention^! capacity, 



limited buffer storage, shareds informational pathways, or some other fom \)f 
interdependence*^ 0n& purpose^f the proposed research is to .obtain evidence 
that nay reyeal more clearly the nature t>f the interdependence among 
recognition, comprehension, ,and*meaory. That there is some form of shared 
limitation on the three processes seems likely,* however. 

Limitations on the Reader's Understandin g 

The preceding discussion suggests that there are several ways in which a 
^ reader might fail to understand a text. A .taxonomy of causes for poor 
understanding must include the following. \ * 

* Recognition limits: Restrictions on the use of external data .- One 
kind, of limitation may occur in young *child who has a small sight 
vocabulary 4?r in a more skillful reader who scans a passage too quickly. 
Understanding of the passage may be ^impaired in either case by failure to 
recognize words or phrases th&t are critical to the meaning. This impairment 
is similar (but ~proBatily not identical) to what Norman and Bot^ow (1975) 
called a signal data limit* Recognised words are the data on which " , 
comprehension depends, and the data secured from the printed page are so 
crude that ah adequate understanding is not attained. 

0 . ■ ' - 
- Comprehension limitst Restrictions on the availability of internal 

d ata . A limitation o.f another kind might arise when words are accurately 

recognized but an essential process of comprehension; is not available to the 

reader. For example, one who cannot -do menttfl arithmetic would fail when 

asked to verify, without the ^id 'of pencil and paaer, the 4 statement, "Two 

hundred and thirty-four minus sixty-six is one hundred sixjty-eight." Failure 

to comprehend the arithmetical statement maybe defined operationally as * 

inability £o verify its correctness (Trabasso, *1972). One might 'jail to 

verify the .statement.despite accurate recognition of all the* constituent 

words. The difficulty, then, is not that data from external sources are 

poorY On the contrary, the printed words are accurately recognized. Rather, 

the cause of failure is a paucity of internal data; veridical comprehension 

requires capabilities in mental arithmetic that the reader does -not possess. 

Norman and ^Bdbrow^l 975) described cognitive phenomena of this sort and 

called them internal dftfea limits. 

Memory limits: Failure to store or retrieve what was comprehended . A 
third restriction may arise when the reader comprehends the important 
concepts but fails to s^ve or recall them. The difficulty could be in the" 
process of storage. An adequate representation of a text might be 
constructed in a short- term store but never properly trans/erred to a more 
permanent repository. Alternatively, there could be problems of retrieval. 
A properly stored representation may decay on become inaccessible with the 
passage ojf time and the intervention of new experiences. 

' Interactive limits: Competition for shared cognitive resourced . 
Limitation of anpthex; kind may arise when the reader accurately recognizes 
t he esaen tigljcqgds, possesses .the^consttructive and inferential operations 
nece^sSry to comprehend t^ intended meaning, and is competent in storing and 
recalling idea£« In this case, there rapy b'e processing resources used 
jointly for recognition, comprehension, and memory. Competition for these 
resources may diminish the reader's ability to infer meanings or to store 
them in an easily retrievable form* If, for example, recognition is 
accomplished i£ an inefficient Aanner demanding a generous allocation of 



1 , * ' * 

cognitive resources, only very limited mental capacities may Temain to be 
deployed^ for comprehension and memory. It is as^if so much effort were given 
to accurate recognition that little is left to be given to other processes, 
Jn the terminology of Norman and Bobrow 0975l&f the reader's performance As 
resource- limited in this case. Restricted understanding is not caused by 
forgetting or by inadequacy of internal or external data. Rather, the 'fault 
li^s in competition for cognitive resources that cannot in the end" meet' all . 
the demands placed upon them. LaBerge, and Samuels (^9f4) have argued that an 
understanding of* limited attentional resources is an important goal ^ 
research on Reading. 1 * ' . * - V 




, C. Individual and Developmental Differences 

What characteristics of a child may be expected to change in the usual 
course of developnent, and, what characteristic^ar* Resistant to change? In 
a reader who understands poorly, what corfTSinatkoJ} of developmental lags and 
individual qualities are responsible for tTv^hild' 3 difficulties? How are 
these difficulties related \o tl\e several ftinds„of cognitive limitation , 
discussed abovd? These questions are Important but are not easily answered. 

•'A beginning can be made by considering in a more precise manl^r the 
kindq of differences among children that could occur. Differences of / ^ne 
kind are sfable variations^ ^mong individuals. An example could be the 
efficiency and capacity of short-term memory. Individual differences in 
gjhort-tern memory appear to provide a partial explanation for variation in 
verbfel^a bil ity amdrig adults who are highly skilled readers (Hunt, lunneborg, 
& LewiT, T^5). Perhaps such memory difLferen^s explain some portion of the 
variability dn understanding at all levels of development. .Thus memory 
limits, as define! above, could' be a source^of stable variation, * ^* 

V ' • 

Experiential variations among individluals could *also occul 1 in 
understanding. For exampl-e, a readfer's background knowledge of a tppic may 
be viewed, in certain contexts, as a "frame'VfKinsky, 1975 ) of relationships 
among^concepts expected to be found „in a text that is being read. The frames^ 
* used by different individuals may varf in amount of detail, degree of 
suitability, for the text at hand, and/similar factors. . .With jrelevaht 
experience, perhaps* almost any individual could acquire aii adequate frame for 
some domain of knowledge, such as a frame for understanding cooking recipes. 
As this example suggests, experiential variations may be similar to stable" 
variations in being relatively unaffected by modal developmental processes, „ 
but dissimilar 'to them in flying ameliorable by a' specif ic. program* off 
instruction. Some cases of comprehension limits, as defined above, may be 
experiential. * ' 1 ' ^ 

/ Finally, developmental differences are variations among individuals 
which change with age and which fchangS in similar ways over a broad range of 
-environmental/and experiential influences on the individual (Wohlwill, 1971),. 
The development of A ^libera te.^pprjDAcAej^(LjmeiiwJ^Uation may be an example k 
(Hagen, JongewardV * K^ail , 1975; Wagner, 1974). Specific "exferience may 
influence how speedily development occars L or* how far it progresses, but not , 
whether it occurs. Development of skill in managing one's own cognitive 
system could be vfewed as a* developmental difference in vulnerabilii^to 
interactive limitation. * - \ 

•fhisTsS^o*' distinctions seems relevant to thd teaching of reading in 

* . i 

» * i ( i • 



two ways. First, it would be valuable to know which aspects of the t 
understanding process may be altered by instruction and which may not. 
Second, ^assessment of an individual's standing on dimensions of 
developmental, experiential, and stable Variation would seem to be a 
prerequisite for devising a prpgram of instruction well suited to that 
individual* 




III/ Results of Experiments ^ 1 * 

w In all, five experiments^were performed. Four -of them foraed a* 
longitudinal projec-t in which'a singlrf sample of children was tested in a 
variety of ways from *1 978 to J980 #- The longitudinal project provided *da$a 
concerning, both individual and developmental differences among the children 
in the' sample. In* the fifth experiment, a sample of young rfdults was tested 
in 1981. The adult study and two of the studies with children examined the 
relation between rapidity in initially recognizing words and accuracy in 
later remembering theft* The remaining two studies .with children examined 
relations between comprehension and memory* * . t 

• * * 
A. Recognition and Memory 

There wer6*three major reasons for conducting the experiments with 

children- Concerning the relation between rapid recognition of woxds and % 

memory of the words. First, "under the theorptical principles discussed 

above, a child's readi j^/abil&ty mighkbe restricted by an interactive 

limitation in which the child is hancfifeappe^ by inefficiency in coordinating 

processes*of recogntion and memory. Second,, there is, little doubt that 

dur^ng^the first few years. of .schooling, the Speed with.which children , 

recognize words increases dramatically (Doehring, 19*76; Friedrich, Schadler, 

'a Juola, 1979), but there is, at the same time, little research on whether 

this increase has any affect on children's ability to remember. Finally, it 

is known that memory span correlates well with reading ability (e.g., 

Steverfson, Parker, Wilkinson, Region, & RLsh, 1 976 \ and it has been proposed 

that,; developmental improvement in memory span derives* from increasing m 

efficiency .in initially recognizing the items that^are to be'resfembered 

(Kuttenlocher & Burke ^ . - Sm 

* • 

The general strategy ofrthe two experiments w^th children was to % assess 
individual* and. developmental differences in* spfced^of word recognition and 
,then to examine how ^these differences related 'to performance on a variety of x 
•memory tasl&. A* sample of 144 children was tested during .the^ 1978-79 and 
1979-80 school years., Tlje children were jfr grades 5-8 -during* $ie first year 
and 4-9 during the second. A report* of experiment in the first year "is 
1 in. press in the Journal o f Experimental Chflft Psychology and will b'e 
♦gublished in August of this year? galley proofs of thi* publication are 
attached as Appendix. 3l. Data from the second experiment have been analyzed 
completely and are currently bein^ t written for submission to a Scientific 
journal. Only the major 'findings of these experiments are summarized :in this 
report. * * ✓ * * < " * V . 

, - r ^ . - . / 

One unexpected finding was that although rapidity of word recognition 
increases sharply and continuously from grade 3- to grade 9, memory 
development is ^dependent of this increase. In the first experiment, it was 
found ttfiat memory variables such as storage # and retrieval in free recall and 
memory for the items in a series and their orpet all exhibited a pattern of 
^developmental growth different frap the grcrtfth pattern far rapidity of 
initial visual recognition. For jpxample, developmental gains occurred early 
but not late iWLthin the grade levels that were studied for a measure of 
stoQ&ge in free recall, but growth was contiguous over t^ese grades for ad- 
measure of efficient wor4 recognition. In the second experiment, several m 
"memory tasks were presented under* two conditions, one* that made it 
difficult for the children to initially recognize the words they were to 
remember and another condition that grade word recognition easier. If younger 



children's poorer memory were, partly the result of inefficiency in word 
recognition, their memory . performance should have been handicapped more 
severely in the difficult condition than would be the case for 51der 
children. In fact, howdver, the handicap was equalf and consistent across- 
the broad range, of ages in the experimental sample. Finally, correlations 
across the two experiments showed that there were stable individual 
differences P among the children itt such aspects of memory as rapid storage and 
efficient retrieval. There # was some evidence, however, that these 
correlations did depend in part on individual diffe^enc^in efficiency of 
word recognition. t 

% A 

Thus an important implication ofigfthe. two experiments with children is 
th*t developmental gains in rapidity of word recognition may have no * 
neccessary relation with memory improvement, but thdt individual * 
differences in word recognition may go hand in hand with differences among w* 
the same individuals in memory skills. It remains an open question whether 
children who suffer difficulty in remembering what they read will benefit 
from draining programs, such as courses in speed reading, that are 
designed primarily to accelerate word recognition. % t 

Similar conclusions were implied by the experiment on the relation , 
between wo„rd recognition and memory ii/ adults. This experiment was motivated 
by research previously reported by Kolers^C 1975) , Masson and Sala p97^), 
and Wilkinson, Guminski, Stanovich, and West (19^1). The strategy gf these 
various studies was to slow the speed with which adults, readers coul^d 
recognize the' words of a sentence or text, in order assess whether this, 
handicap would affect how well thej. remembered the seance or text. The 
previous studies by Kolers and by Masson and Sala showed that* surprisingly, 
one method of mdking reading difficult actually improved the reader's memory.. 
The study by Wilkinson et al. showed that a different method of making 
reading difficult had no effect, either positive or negative, on a variety of 
memory variables. The study with adults that was performed under this grant 
was a direct comparison of the two methods. Data fro$,the 30 adult subjects 
in this experiment have been completely analyzed, and they suggest that' 
memory for the meaning of a text is # protected from being damaged by slow 
word recognition if a certain condition obtains. , A sufficient 
conditon for preventing memory loss is th^t immediately! after reading a 
difficult sentence the reader must attend in some way.t^vthe meanitlg of that 
sentenie. Under this conditon, memory for/ the sentence n$ich later is 
unimpaired . 

* • • 

Plans are now underway to examine this condition systematically in an 
additional experiment.* In the interim, two .conlusions may be drawn 
tentatively. First, in adults as in children, visually reognizing words 
may be substantially independent of processes for' remembering eithej ^the 
word's^ themselves or the meanings they convey* Second*, if the first cOnlusion 
is correct, then it can also?be conluded that both word recognition and the 
interaction between word Recognition and*memory can be ruled out as significant 
causes of limited understanding in reading. These conclusions- ar£t Aen£atiy^,_ 
however, because their relation to individual differences in .cognitive 
abilities and in reading skill Remains to be worke'd out**. 

v * 
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B. Cjamprehension ^ and- Memory 



In psychometric assessment of school-?aged children, comprehension is 
qften measured with tests that require completion of unfinished sentences. In 
psycholinguist! a research usually done with adults, a cqmmon measure o£* 
comprehension is a sentence Verification task in ibich a 'yes-no response is 
given to indicate^ whether a complete sentence is crue" or false.^Are these two 
measures related? Are the cognitive, processes identified by. pscholinguistic 
research on sentence verification the same as, those that are .operative in 
psychometric assessment of sentence completion? Is the p?ychometrit method 
correct in its tacit assumption, that there are stable differences among 
children in the efficiency with which they perform the underlying cognitive 
processes? If stable differences eiist, do they involve the "interaction 
between* cognitive processes of comprehending atid remembering* § 

* Two of the experiments that were perfoped unde* the grant examined 
thepe questions*. The children in these experiments were -96 of the children 
from the longitudinal sample. They were tested twice, once in^the spring of . 
1979 and then again in the fall of 1980. The .two stu<^s have been written 
up, for publication and submitted to a scientific journal; ^the submitted 
manuscript is reproduced in Appendix B« # , . 

One goal of the experiments was to ascertain whether certain well 
established findings concerning^ sentence verification could be replicated^ in 
sentence completion. The results showed that certain effects studied 
extensively in sentence verification, the negation and comparator effects 
(Carpenter 4 Just, 1975? Trabasso, 1972; Wason, 1959), replicated -well in- 
sentence completion. In this respect, the, experiments helped %o build fen 
empirical bridge between previous psycholinguists research and traditional 
methods of assessing children* s ability to comprehend*. 

A second goal of the experiments was to investigate the cognitive 
foundations of individual differences in ability on % tests of sentence „ 
completion. In recent years, there have. been numerous studies of individual 
differences in fundamental' cognitive processes* (§ee '.Hunt, 1978, and . . 
Sternberg, 1951 r for reviews). To .investigate whether there were/differences 
in fundamental cognitive processes among the children in the longitudinal 
project, various measures of cognitive processing were derived from *ests/p£ ^ 
sentence completion. For example, one mea^ure^was the, magnitude of the 
negation effect for an individual child. Another. example' is. that the 
children's efficiency in sentence completion was. measured under conditions^, 
that imposed either an extra memory load or no extra load. These conditions 
^m^de it possible to measure for each child the degree to which Comprehension , 
'suffered when memory was heavily taxed. Bjr correlating measures bQth within 
and across experiments, it was possible to assess whether individual 
differences were robust over time apd across variations in experimental . 
procedure. The correlations showed that stable differences among individual 
children did Axist and that the differences probably derived from two 
underlying cognitive processes:' the act of transforming the mental 
representation of an idea by negating it, and the process of managing demaadd 
on memory while concurrently trying to comprehend. This latter Rjocess of 
managing memctry while, comprehending is particularly interesting because it 
implies that individual differences may derive from interactive limitation 
concerning $he coordination of memory and comprehension. ^ 

• / 
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Growth Functions for Rapid Remembering 
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- Children between ages 9 an J J 3 were tested for recognrzing and remembering 
words from 6- and 12-word lists. Opportunities Tor using deliberate mnemonics 
were severely restricted. Developmental functions showed different growth pat* 
terns for rcmembcnngjhe items in » short list than for remembering order, and 
different patterns for storing items from a tong list than for retrieving them. 
However, none of these functions was parallel to the growth function of rapid 
word recognition. This absence of parallel growth contradicted a hypothesis that 
memory develops when item recognition develops The data suggested, instead, 
that' modest* but reliable gains in rapid processes of storage and retrieval con- 
tribute to memory development jjuring middle childhood* 
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\* t / ^ i Abstract % * %m 

In two experimej)*€j&n comprehension, a new paradigm was used in which a 
phi Id *flrst received an input specifying a serial order, atid th^n gave a 
forced-choice respfcnse/to complete a sentence Resting comprehension oKa 

'vebal description ©fthd order* The hew paradigm provide^, an empirical * 
bridge hpttreen a standard psychometric method of assessing comprehension --and 
the method of sentence verification often usfcd in psycholinguistic research. 
Two major effects known to occur in sentence verification, the negation and 
comparator effects, were replicated with the new paradigm of sentence 
completion, although differences between the paradigms were also suggested* 

^How children selected a response for an incdnsjfee sentence appeared to' 
i depend on how the input jorder was rejfresented Yn memory* Individual * 
differences in ability were examined 'by testing the .same sample of children 
,(10-14 years old) in bfcth experiments. Correlations across and "vi thin ' ' 
experiments \suggested that differences in ability were stable and derived 
from variance in two cognitive skills: executing a process of negation and 
managing memory loads* / m • 



Memory $nd Individual Differences in Children's # 
- v • Comprehension of Incomplete Sentences 

In psychometric assessment of school-aged children, comprehension is • 
c*ften .measured with tests that require completion of unfinished sentences. I& 

v paycholinguistic researcH usually done with 'adults, a common ,mea sure of 

4 comprehension 4-8 a septencp verification task ib which a yes-rno response is 
ftiven to* indicate whether a complete sentence is true or false. Are' these txo 
measures related? Are the cognitive processes identified by pscholmguistic 
research on sentence verification the same as those .that are operative in 
psychometric -assessment of sentence completion? Is the psychometf ic method 
correct in its ;kacit assumption that thferk are stable differences among 
children in the efficiency with which they perform the underlying cognitive 

% processes? ,The present* research examined these questions** 

One purpose of our research was to ascertain whether certain well v 
established findings concerning sentence verification could be replicated in 
sentence completion. Perhaps the oldest and most robust finding concerning 
sentence, verification is the negation effect (Carpenter 4 Just, 1975; 
Trabasso, 1972; Vason, 1959)* Vheirthe sentence to be verified* is negative 

^it takes longer to be verified and is more lively to*be verified erroneously 
tHan when the sentence is affirmative* This effect of negation holds whether 

.the sentence to be verified ( is true or false. Theoretical accounts generally — 
attribute the negation effect to a stage of the a verification process that 
must occur for a negated sentence but is omitted for an affirmative on?. Ve 
investigated whether a similar negation effect occurs in sentence ... 
completion. fc- / 

Another effect often reported In studies of sentence verification 
concerns cpmpaiyators. A good example is the pair of comparators ata>ve and 
below (Clark A Chase u 1972). Suppose one sees a picture of a * beneath 
which is a +. Two logically equivalent statements concerning thi£ picture 
are The star is above tjie fllus And The plus is below the star . !hie 
sentence with before iS verified less rapidly and with more errors than is 
the sentence with >bove . The reason for this, difference between 
comparators may be that above, is held in memory in a semantically 
primitive, , unmarked form, whereas belcflf is stored as a marked derivative of 
above (Clark 4 CTjase, 1 972; Carpenter 4 Just, 1975). The no^e primitive 

a meaning is .presumed to be accessible more rapidly and with less likelihood of 
error. ?or our purposes, the important point of this example is that 
semantically related comparators may have different .representations in memory 
and may differ, therefore, in their effect on comprehension. We investigated 
this possibility witl/ two pairs of ^comparators: " before-aftflfr find 
faster-3lower t 

'Vhen negation and comparator effects are considered together,. it is 
important ^o ask whether they interact. What kind of interaction may exist 
ana how it should be interpreted are unsettled and hotly debated questions 
(Carpenter 4 Just, 1975; Catlin 4 Jones, 1976; Shoben, 1978). The debate on 
'this issue has neglected, we think, an "important fact: An interaction 
between negation and comparator specifies an effect of position. Consider, 
for exam pie, /the following sentences j'\hich are like the sentences we used in 
pne of our.exBeriments? # 

John* was faster than Susan, afld she was # faster than torn. (1*) 
*' "Sdsan wafc faster 'than *** . '(2) 

Susan was no^ slower than, . (5) 
Sentences 2 and 3 ar* logically equivalent, and they can both be completed 



correctly with i&formation from Sentence \ . In both cases/ the correct 
response is the Ihird name mentioned in Sentence 1 ; thus position tfiree is 
trorrect. Significantly, if there wete a crossover interaction between * 
negation and comparator, then Sentences 2 and 5 would be statistically 
^equivalent. The statistical interaction could mean that' psychologically 
.there is an effect of position, faster b&ing like not slower because they 
X)oth specify position three. and, similarly, SlSWer be4jag llkQ -not fasted 
because they both specify position one* fc 

The possibility of a position effect in remembering an* comprehending * 
sentences ,like 1 is of interest because position effects are known £o occur / 
in cognitive processing of information that, unlik^ a Sentence, haS^o 
syntactic structure-. Most notably, position pffectk aire known to fcccux* in 
. recalling items fr§m a serially presented list and in comparing terras from an 
overlearned ordinal set (Potts, .Banks, Kosslyn, Hoyer, Riley,, a Smith, 1978; 
Trabasso, 1977). Identifying position effects in sentence completion and 
specifying the conditions under which th#y occur could help to pinpoint 
fundamental properties o/ memorial representation that affect cognitive 
processing ^Lljoth syntactically structured sentences and ordinally 
structured serieT. Consequently, our experiments examined whether position 
effects occur when* the information needed to complete a sentence must be 
found in the memorial representation of a sentence or an ordered series. 

Finally ,.*our research was designed to investigate, the cognitive 
foundations <7f individual difference^ in ability on tests of sentence V 
completion. In recent years, there have been, numerous studies of individual 
differencqs in fundamental cognitive processes (see Hunt, 197S~, — and - 
Sternberg, 1979, for" reviews) . Some studies Aave shown that there are 
individual 'differences in the strategies that individuals prefer (e.g., 
.MacLeod, Hunt, <J Kathews, 1978), whereas others have suggested that 
individuals may use the same strategy with differing levels of efficiency 
(e.g.', Keating & Bobbit, 1973). We assumed that there kere differences in/ 
ability among the children we studied, an<f*we assessed them in two experiments 
with various &easures*of sentence completion, for example, one measure was 
the magnitude of the negation effect for. an -individual child. By - 
correlating measures both within a'nd across experiments, we Sought to 
establish whether individual .differences were robust ^ver tiz^e and across 
variation^ in experimental procedure. * « 

Before turning to the details of our experiments," we wish "to make 
explicit the scope of our goals. First, regarding individual differences, 
our primary goals were to establish the Robustness of differences in ability 
and to find possible causes of the differences, rather than to identify "the 
causes definitively., Thus, for example, the .correlations we report may 
derive either from differences in the effectiveness of children's various 
strategies or from differences ^n how efficiently .they executed a commor? 
strategy. Second, regarding sentence completion, our principal concern ftas 
to establish whether -major empirical effects from the paradigm of sentence 
verification, especially the negation and comparator effects, were r;eplicable 
in the new paradigm^ of sentence completion. Explicating d theoretical 
integration of the ,two paradigms is an important but "Separate taak_not 
undertaken in this articlfe. f ' , , 
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, p * In each of two experiments^ we presented children with an input order 
that specified * three- term series and then tested the children's 
comprehension by having then complete a sentence concerning the input order. 
In^both experiments, we manipulated the conditions of input. jLn wayi that were 
intended "to reveal the*role of 'memorial processes in'sefcterice completion. m 
Hanf puliation of input condition in the first *experifient involved presenting 
inputs that famed a meaningful spoken or printed sentence, a meaningless 
printed word list, or a familiaj: sequence o£ printed letters* We expected 
that t differences in the content of ^these Inputs might result in different 
♦ways, of representing the crf-tical ordinal information in memory/ with 
differential consequences for sentence completion. In the. second experiment, 
input condition was manipulated with a dual- task .technique* .During input, 
;fche children were given, first, a sentence p to be remembered and, second, an 
input order in aV^aningfUl priited sentence* 2 They were theh tested in one 
of two ways* They either recalled ihe fitfsrt input sentence c*r completed a 
sentence involving ordinal" information fro&i the second inpuj sentence. Not 
knowing whether they would be tested for recalL o^ order on any given trial, 
the children had to be prepared for both kinds of test* Their performance in 
this dual- task condition was compared with their performance in a control 
condition in which .there was no extra sentence to be remembere'd. We reasoned 
that imposition of an added memory load in the dual-task condition might" 
?eveaL fcow memorial processes are managed during sentence completion* 
Silbjects * y \ ' > 

In Experiment 1, tha subjects were 96 children, aged 9-13 years* The' 
subjects in Experiment 2 wtfrp 90 of 'these same children and 6 replacements. 
In botff experiments, the samgje of* children included 12 boys and 12 girls at 
each of four consecutive school grades* The gTades werp 4*7 in the spring 
when Experiment 1 was conducted* and 5-8 in the following fall when , 
Experiment 2 was conducted. 

Experiment 1 • - * 

Materials * The test item fo? an individual trial was 'a white card 
printed on both sides* One side contained an input order , and the other, £ 

'test sentence * * Both sides were printed in large plain letters wi±lL_a_ _ „ 

6-pitch typewriter. . * — 

fcC The input order was in uppercase ahd was one of three types: (a) three 
consecutive letters from the m alphabet that formed an overlearned triple 
(ABC, EFG, JTUV-/>r XYZ); (b) a meaningful three-word sentence structured 
grammatically as SVO (subject- verb- object, e.g., KIDS PLAY GAMES); or (c) a ' 
meaningless, string of three nouns or three verbs (e.g., CARS QUEEHS KIDS). 
Twelve three-word sentences were prepared; then the three-wofd strings were 
made by Randomly delecting either nouns or ve y r))s from the sentences, .subject 
to the constraint that no tvo words from the same sentence Veje selected for 
the same string* Two* additional sentences and strings were made for 
practice. ^ 1 , 

* The test sentence was either a choice sentence or a control sentence* 
Symbolically, a choice sentence, as printed had one of the two general ford^s: 

, ' . . ,2 V , W „ 2 V 

3. .< 1. 

Similarly, a control sentence had either of the following fonns: 

2 V 1 or 2 V 3 * * * 
In these symbolic forms* a number stands* for the element vith«the 
corresponding ordinal position in the input order, and V stands for a verb 



phrase* The verb phrase vas one of the four fliat can be generated by 
- combining was or Vas not with . before .or after * A. child saw test 
sentences with actual words, not the symbolic forms. An example is 

' * ; * ' % KIDS. ■ ~ * * 

* PLAY was before " ^+ 

GAMES., t. 

Capitalisation of the test sentences was as in the example. In the case of f 
choice sentences, the word that completed Jthe sentence correctly- was equally 
often on the top or the bottom. In the case of control sentences, the 
sentence va's always correct as* printed. 

Ah audio tape^was m^de for the senjtende inputs and their associated 
test sentences. On the tape, a male or female speaker said the inpui 
. Sentence, then said all but the last word of the test sentence. / ' 

Procedure. A child had 2 practice trials and 12 test trials In' each 
of four conditions: (a) read sentences ; The child r&ad input and test 
sentences, (b) look" listen to sentences : The input and test sentences 
were presented by audio tape through headphones with the corresponding # 
printed sentences concurrently available to be seen on cards". The child 
, said only the word that completed the test sentence/ (c) read words ; The 
child read word-string inputs and test sentences, (d) read letters : The 
tihild read input letter-triples. an<J, test sentences. The 12 test trials in a 
given condition formed, *a 4x3 design. The four possible verb phrases in 
the test sentence were crossed with three kinds of sentence completion: top 
choice correct, bottom choice correct, and control with one choifcfex. * 

A single set of the 4 letter-»triples, 12 input sentences, and 12 word«- 
strings was permuted to generate six counterbalanced arrangements. . These 
arrangements balanced" type of test sentence associated with a given input, 

• presentation order of the input types, and identity of the experimenter. Two 
arrangements were assigned to each, "of three experimenters, each of whom 
tested one third of the subjects at ^ach age. 4 # 

Subjects were tested individually in a single session lasting 20-50 
rtinutes. Th$ data for p£ch trial were times recorded by the experimenter 
with a stopwatch and, rn &e fcase of choice sentences, 'the cprrectfiess o,f the 
subject's choice. Timfes recorded by the # experimenter were the choice time 
from the beginning of a choice sentence until the child said the word thatf 
complete^ it, and the. analogous control time on a control sentence. Choice 
times were jslvo raged over the two trials (top-correct and bottom-correct) * for 
'each combination of input condition and verb phrase of the tpst sentence* 
Then the single corresponding SKfftrol-time was subtracted from th^s average 
to yield an estimate of decision time* ' * 
" Experiment» 2 1 « 

f The Second experiment was presented on a CRT monitor under the control 

* of a microcomputer. Reaction times were measured by a clock in the computer 

* witly'&n accuracy fcf ^ 8 msec. * — 

Materials * Some trials had a memory' sentence: All trials had both 
an ord$r sentence and a response segment. * . \ 

1* A memory sentence] began with a tempbral clause in the past tense, 
-Consisting of one of the possible combinations of a number from the set (two, 
four, six) and a temporal unit from the .set (hours, days, weeks, months). 
The temporal clause was followed by a cofiimofi surname prefixed by Mr. or Mrs. 
m A stopwatch clause followed,. It ^s the invariant phrase w timed the 
children with a stopwatch to fin* out who Gould," The last portion of the 

• sentence, the 'activity phrase, named & familiar activity and ended with the 
words "the fastest*" An example* is: "Six days ago, Mrs. YoUng timed the 

. * * 
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children with a stopwatch to find out who could tie their shoes the 
fastest. n * - a . 

2.^ Order sentences had an invariant grammatical, structure but differed 
in proper names and pronouns. 'Names were arrange^ in sets <5f. three, either 
two boys and one girl, or two girls apd one boy, where the odd sexed name 
.referred to as the pivot, occurred in the middle of the sentence, between the 
two referents. An example is: "Tom was faster than Judy, and she was fasten- 
than Jim." s — * • . * 

3* A* response segment was ofie of two types: (a) On half of the trials 
that included a memory sentence, the word " stopwatch'* was presented after the 
order sentence a recall cue. (b) On all other trials, the order sentence 
,wad followed*by a test sentence in one of the four 'forms: (pivot) was 
(fasterj^elower, not faster, not slower) than *** • Following this phrase 
the subject was shown both referents or only the referent that correctly 
completed the test sentence. When, both referents .were shown, they were on 
the same line and- the correct referent was equally likely to be on the left 
or *the right. 

Procedure . .* Each subject received 12 trials in each of three 
conditions. Ca) order only ? Subjects were shown an order sentence, a test' 
sentence, and one or two referents. On choice trials with two referents, the 
subject responded by pressing one of two- buttons, which were held 
continuously in the left and right hands. j)n control trials with one 
referent, subjects were JLnwructefl to press either button as ^uicklj as 
possible, (b) dual-order * Subjects were shown a memofy -sentence, an order 
sentence, a test sentence, and one* or two referents. The procedure for 
responding was the same as in the order-only condition, (c) dual-memory ; 
Subjects were shown a memory sentence, an ord^r sentence/ and the stopwatph" 
cue. On seeing the cue, subjects were to try to recall the Memory sentence 
verbatim. / * 

In each Condition -the subjects were required to read every .^sentence 
aloud at 9 normal* and Comfortable ,rate. During a_tr_ia± t arf soon as the 
subject finished reading a sentence, the experimenter pressed a key on the 
computer keyboard to remove the sentence fron^ the screen and replace it with 
the' next sentence. ' ^^Sfek 

The three conditions were presented in two blocks; the order ojGShese 
blocks was counterbalanced ac roars subjects. One block contained the^trder* 
only trials. The other block contained dual-jaemory and dual- order ^trials, 
randomly intermixed; the randomization was done independently* for each 
subject. In this block, subjects did" not knojr whether they would be tested 
for memory or order until the response segmeKrotff the trial began. 

Subjects were tested individually in a single session lasting 20-30 
minutes by one of two experimenters. The data for e^h order-only and dual- 
order trial were reaction times measured by the, computer, a^d in 'the case of, 
choice tria>s,' the correctness of* the subject's choic$£ As in the first 
experiment, two* times were of « interests ,t^e choice time from the orisqt of two 
referents to the subject's response, and 'the control time from the jmset of a 
single correct referent to the pressing of either Response button. Decision 
time was computed by averaging^ choice times for the left-correct and right- 
correct trials for one pf the four kinds of test sentences, and then 
subtracting the control time for that same kind of test sentence. For each 
meaoiy trial the subjects were given a memory score comprised of one point 
for each of the . following items correctly recalled:* the number in the 
temporal clause, the temporal unit in the temporal clause, the name,* ahd the 
activity part of the activity phi&se. 



Statistical Analysis ' * 

With each child "haying two Choice trials and one control trial for a 
given type of teaft sentence, the data were too sparse to prdvide, reliable 1 
estimates of time And- accuracy for every^individual on every type of test 
sentence, ^hus it was advisable to average. For analyses concerned with 
memory processes and developmental differences, averages were computed, for a 
sentence type across subgroups of children. For analyses concerned wfth m * 
individual differences, averages were computed fo,r a child across sugets of 
sentenced. * * • ** p 

In computing these averages, two corrective steps were taken* First, 
-mean decisiori^imeg, were computed as tri&med^means*, excluding a fixed dumber 
of both high and low vtflues. According to Hosteller and. Tukey (1977), 
trimmed means are more efficient than ordinary meStris fior distributions which 
have markedly long tails, as did th^se of the decision times in trie present 
experiments* .Second, to prevent restriction of variance for proportions that 
sometimes approached 1 ,0, proportion correct was transformed to lbgis^tic 
accuracy , as recommended by Mosteller and Tukey (1977). The formula for 
this transformation is y ■ ln - ( j> / ('1 - ja) ), where, sfor r correct * > 
. out of H, 2 " (* * ' 167 T / (H ♦ .333): 

In analyses concerning m'emory procesaes and developmental differences, 
logistic accuracy with N ■ 12 and mean decision time with N trimmed to 8 
were computed across the 12 children in a cell of the experimental design* 
C These means were then psed as the (lata for analyses of covariance* Two 
simple analyses of covariance were don&,' dne on accuracy with time as the 
covariatb and the other on time with accuracy as the covariate. m Factors in 
these analyses yere age, s^x, test sentence, input condition, ancj all two- 
way interactions among these factors. Higher interactions were pooled as 
, error. These analyses made the simplifying assumption of a single pommon 
# slope for the covariate. Of greater interest was another analysis, called 
the full covariance analysis, in which the slope of the covariate was allowed 
to vary according to $ge, sex,, test sentence, input condition, and the two* 



way interactions. In this analysis, accuracy wad the dependent variable ^and % 
time the covarlata because the principals-concern was* to examine accuracy as 
a funqtion of the time taken to~5ecIiev n a response. Effects that were 
empirically null in the full covariance analysis "were successively deleted 
from^the full covariance analysis until only significant effects remained. 
In all analyses, age was coded as the contrast between children in the two 
older groups combined (averaging 13 years), and 'those in the two younger groups 
(averaging 11 years). Comparable analyses using the linear trend in school 
grade yielded comparable results but will not be reported, 
. ' To analyze individual differences, logistic accuracy $^d trimmed mean 
decision time were commuted for groups of test sentences* that ixad been found . 
In the covariance analyses to be appropriately grouped together. Values were 
computed for each child individually in each experiment v All the child's 
data were used in computing logistic accuracy foy a .particular group of 
sentences. Jh& slowest and fastest times for ttiat child on a grotfp of 
sentences were trimmed from that child 1 s mean decision time. $nly the <data 
of children who were subjects /In both experiments were uspd in the, analyses 
of individual differences. * * ' , \ 
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4 Results ^ ; 

Bxpe Anient 1i Analyses Concerning Mdmory and Development 

A simple covarience anfclysid shoved tl\at decision time, adjusted for 
logistic accuracy, was faster for l^ing and listening to sentence input 
_(.91isec)'th9iTfor rpading sdntence^nput (j .28 sec), ?(1, 102) * 7.75, £ 
• ' .This finding jpobably indicates that in looking- listening, the" child 

1 * coy&d begin /to- decide on a response to the test sentence as the tes£* was 

presented. aad* so could respond quickly. In reading, however, the requirement 
* to say the test sentence aloud m'ay have inhibited the decision process until - 
oral re&dlng had erlded. 

„A spc&nd , effect in the same analysis was that adjusted mailmuai decision 
time was faster for printed and spoken sentences (1.10 j^ec) than for word- v 
^| lists and letter- triples (1.25 sac), F(1 , 102) - 6.10, £ < .05. This 
finding suggests that during decision making, access to the memorial 
representation of a sentence was faster than to that of a series. 

.In one of the simple covariance analyses, the slope for logistic accuracy* 
was virtually zero, and so was the slope for decision time in the other 
simple analysis, both F/s < 1. However, the full covariance analysis showed 
that the slope for decision timecLn the tiije-accuracy function varied 
according to an interaction between age and test sentence, P(3, 112) - 
3*. 11, 9 2 < # *05* Inspection of the slopes revealed that In all but one case ^ 
the slope was virtually zero. The single exception was when older '^ildren 
responded to t^st sentences containing before . Consequently, a model was 
f fit Ho the data in which this slope alone was free to differ from zero. The 

estimate of this slope was ^98 .units of logistic accuracy per sec, which is 
approximately a 'gain of .20 per sec in projx>,r^ion correct. 

Givea ope nonzero slope, it Vas necessary to select a benchmark time at . 

' which mean ^accuracies could be compared. The time chosen ?or tftis purptfsfcx,. 

fras 1 sec, which was approximately the median time and was within the range 
of observed times dt each of the ( fo\ir ages investigated in the study. 
Estimated accuracy at 1 sec, as computed from the model with one nonzero 
* slope, will be called benchmark accuracy . 

Converting from" logistic values back to proportion correct, the benchmark 
accuracy* of older children (#7$) was greater than that of younger cHildren 
(.66), % F(1, 119) - 1J*S5, £ < .004 . In addition, there was a comparator^ v 
effect, after producing greater benchmark accuracy ( .76) than before 
(•63_V> Pllf U9) ■ 9.65, 2 < * 01 • Th*s© mean differences concerning age 
and "preposition mu3t be interpreted with an eye to the previously mentioned 
effects concerning slopes. Within the range of "observed decision times, the 
averaged time- . accuracy functions for younger children were two parallel 
lines, both wi^h zero slope, the after line being .13, highei* tlian the 
, before line. The zero slopes day meap/that the.yojunger children respoiided 

at times when* their accuracy had reached an asymptotic plateaij. In contrast, 
the fitted functions for older children were, first, a line with zero slope 
but high benchmark afccuyafcy for after and, second, a line with positive 
.slope but with benchmark accuracy lower by. .13 for before . Extrapolation 
* implied that the two lines for the older children jr^ld converge at 1.6 sec, 
* but this projection is tenuous because it is at the bbundary of the observed 

decision times. These results imply an interesting Idnd of development. 
"-Younger children wetfe handicapped by before , as were the older children, 
H>ut the older ones were able to compensate for this handicap, at least in 



part,, if they delayed their response, 



In addition to this developmental interaction, effectsS^re^found 
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^ * ' ^ * * * * * * 

concerning memory processes ^that, VjLtKin. the age range and statistical power 
of the experiment, xtae <l£ve^opm3nt$lly constant. Two such effects were 
'interactions bbtyeen inpui? condition and an aspect of the test sentence* 
First, the prpposffcion effect: was in one direction for familiar letter- 
.triples 2nd in tft^ opposite direction for unfamiliar word-lists, F(1, 11&) 
***7*90^j> < *01 : /Heags for this interaction are in Table 1#. Seqond, 
^ e ^ters and word£ showed bpposite position effects, F(1 , 119) m f%67, j> 
< .001* The relevant deans are in Table 2. Note that the tabled means fijhow 
,no position effect for sentences ancl a preposition effect for sentences 
r&sembMng that for letters^. * _ 

„ „ _ ■ 

* ^ ^ ^ — ——————————— 

Insert Tables U-qjA 2 here'. 
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One explanation of these results is that th£re were directional biases 
deriving from th$ manner in which various inputs were represented and 
accessed in memory* With familiar letter-triples, a bias favoring both 
after and the first position could have resulted from a serial 
representation. Perhaps the letter inputs were available ill, long-term mjemory 
as serially ordered sets most readily accessed at their initial^element. > In 
cohstrast, the unfamiliar word lists may have been held In a teap&T^ry^ 
representation for which, as in free recall,, recent elements we& likely to 
be accessed first for outpi^t. Thus, a, bias favoring .both beftasgg/ and the 
third position may have resulted from factors similar to those responsible 
for the well known recency effect. Kore problematic is the finding that, 
sentences, unlike the other inputs, showed no position effebt. A plausible 
argument can be made that sentences produced different results because their 
memorial representation was different from that of both letter-triples and 
word^lists. Rather than T>eing stored as an- ordered series, a sentence may 
have been represented as a hierarchically organized proposition* Perhaps 
access to the proposition was gained through the verb, which in a simple SVO 
construction could well have been equidistant in memory from th& two response 
choices. Kintsch's (1 974)- theory of propositional rejpresehtati^ns in memory 
seems compatible frith this account, because the verb , according to Kintsch, 
is the leading constituent in the memorial representation of an SVO 
construction. Admittedly, the present, data do not establish conclusively how' 
the. various inputs we*e memorially represented. Without 'some (assumption of 
differing representation, however, it would be difficult to explain the 
observed directional biases* * 

Finally, a strong effect on benchmark accuracy was observed for negation, 
£0*119) - 7.55? j> < *01 , Children were more accurate for affirmative test 
sentences (.75) than , for negatives (.64). No interaction compromised this 
effect. 

Experiment 2; Analyses Concerning Memory and Development' 

In a dual-task paradigm like that of the second' experiment, the ^Secondary 
task should have certain properties. To assure that it requires attention, 
the secondary task should be difficult but not overly so, avoiding both floor 
and ceiling effects. In, addition, it should be equally difficult for 
different groups of children; otherwise, group differences on the primary 
task might be unwanted side effects of differences in ability to manage the 
secondary tdsk. The recall task had the desired properties.' Overall, the 
mean proportion of items correctly recalled was .52. 'An analysis of variance 
showed no hint of age or sex differences, all ?s < 1 . There were, however, 
individual differences among children in exces^ of the variation in m^asu^ed 



abilities, that would be expected if all children had the qarije trufe ability., 
Under an assumption of binomial sampling and equal. true ability, the exacted 
standard deviation of measured abilities on the secondary recall task would 
\e .672; empirically it was .,144. The lar&p Variation among individuals 
raises the .possibility thtft different children had different strategies for 
managing the secondary recall task, some strategies being more effective £han 
others. Nevertheless, the task was appropriately difficult on the average, _ 
and differences in strategy, if present, left group averages virtually equal 
across age and sex. . 

A full covariance analysis sjiowtod that imposition pf the secondary recall 
task penal Itffed performance on the primary task of sentence completion. The 
mean proportion correct on the priiaajj task was .62 with the secondary task 
and .,68 without it; F(r» -116) » S;fi4,' £ < .01 . This result implies that 
ti}er primary task: of sentence completion made demands on memory that 
conflicted w^th those of the Secondary recall task* Importantly, there .was no 
\nddcation "that the penalty of the secondary task interacted with /any oljher 
factor, not even marginally. Thus, for example, any developmental differences 
on the primary tgsk were, in the present data, a consequence of factors other 
than developmental improvement in ability to manage competing demands on 
memory. * ' . * 

The means reported in the preceding paragraph, and others to b^e reported 
below, were computed by un transforming -logistic values from the full 
covariance analysis. The untransformed values estimate accuracy at a 
benchmark decision time of 250 msec. This bencMark value was, lilctf that. of 
the first study, approximately th$ median time and was within the range of 
observed times at all ages. The 250 msei; benchmark of Experiment 2 is 
markedly shorter t than the 1 sec benchmark >of Experiment 1,, however. This 
difference rta^ derive in part>ffbm the,us?Pof a stcnpwatch in the first 
experiment and. domputer in the second* In addition, under the propedure of 
the first study, times on control trie&s could have been unreasonably short 
because the subject Ipiew while reading the initial part of the test sentence 
.on a control trial -that there was only one choice for response. Consequently, 
tfie control time may have been speeded and, when subtracted from the choice * 
time, it could have produced ajgSltsrous estimate of decision time. In 
contrast, .when a child read tHe initial part of a test sentence* in the second 
study, there was no way to know whetner two Jhoices wduld appear for re^p&nse 
or only one. There was probably no apeed-up of the control time, therefore, 
and the estimate of decision time was correspondingly mprerf conservative* 

Benchmark times artf reported for Experiment 2 because ,\£s in the earlier 
e^perlnient, the slopes varied. Unexpectedly, they varied by sex. The slope, 
of the time-accuracy function was -.33 per sec in logistic units^ for^girlq , 
a*\d +.99 per sec Var boys,V^(l , 116) * 6.45, j> < -Q2. ~ Translating to 
proportion correct, these slopes mean that over the interval from 0 to, 500 
msec decision time, girls' accuracy would decline slightly and 
nonsignificqptly from »67 to .63 t whereas boys' accuracy would rise reliably 
from ,59 to *71 . The constancy of the* girls' accuracy is sensible if, in 
fact, the girls rarely responded with -decision times near zero, preferring^ 
vait until they had reached a point at which rib further gain in accuracy . m 
could be achieved. The boys , 'howeyer, may have preferred a strategy 
emphasizing speed, resulting in some quick but inaccurate responses and in 
better accuracy when responese were delayed. Data from a simple covariance 
analysis, of decision times, adjusted for logistic accuracy, supported this 
interpretation of the^sfcx difference. Boys* times averaged 49 msec faster 
than girls' , jjO * 108)-,* G.*71 , j> - .01 , a speed-up of aboijt 20% relative 



/^?5^the v benchmark decision tifle^of £50* msec. * 4 

Dkvelopmentally, thre,e eff f ects.4nyolv±tig agejwere foipid in the^ full 
,covariance*AttalySis. F#st,* the benchmark accuracy, of dlder children (.68) 
.4 was greater than that of youftger children (.63)? FJ1 > i1-6# 5.52, £ < 
^•05» *Bkis difference was present, however, only when Jshe correct choice 
corresponded to the fi;st position in the order sentence. As shown in Table 
3, age interacted with Popition, JF(1-,^ 116) * 7.73, £.< .01. A satisfying 
erplanati<5n of this interaction is elusive. There was also a significant Jf, 
interaction between ttge and adjective, as shown in r Tab'le 4 f 116) ■ 

• 5*95, j> 5 ,( ^* Although statistically significant, this interaction seems 
artificial because a floor effect attenuated the age difference for the ^ 
adjective slower. / 

' Insert^tables 3 and 4 here. 



Notably, neither of the interactions in Tables 3 and 4 is a crossover 
interaction; nor does either Jiave a compelling theoretical interpretation.* 
It ia^Teasonable, therefore, Xo ^examine ffie corresponding main effects. The 
modest effect of position, shown in the margin of Table 3, was significant, * 
P(1, 116) * 3.88i-2 < -.05 • In direction, this effect is like the 
position effect fd^wprd- lists in Experiment*! (see Tabled). * It may be that 
a -bias favoring position 3 occurs whenever the input "border is arbitrary, 
for ioth the word-lists in Experiment 1 and the^sequdhces of names in the 
ordePsentences in Experiment 2 w&re "haphazard. In magnitude, however, the 
position effect vS^o small in the present experiment that it bai^Jy * 
differed from the null effect for sentence inputs in *the earlier experiment.. 
Thus one f might argue that "whenever the input order is embedded in a sentence, 
the position effeot will be negligible. Tfro interpretations may be gi^en, 
therefore, cdncernin# the relation betveefc sentence content and positional 

} t}£as. Only additional data can establish which of the two is .better, 

In*contrast to the ambiguous results concerning position effects, the 
main effect qf adjective, shown in the margin of Tajble 3, is convincingly 
l^rge, JP(1 f sJ16) - 42.51 ,*j> < Z001 . In magnitude, tfcis cotlpatfator effect 
is .comparable 4 to the preposition. effects in Experiment 1 (see Table 1). Two 
factors may have contribute^ tof ^he adjective effect* First, the fedjective^ 
.in the oMA sentence yas /agjer ; whep this adjective also appears in the 
teat sentence, it may Mbre cued retrieval of , the order sentence.. J^econd, 
when faster was in the $est* sentence, the correct response was the referent 
that had *£ollowed* this adjective in the order sentence; .thus the Ordinal 
structures of the, two sentences were compatible. But i*f ordinal compatibility 
alwfi^s helpful? There was ordinal compatibility for test sentences with 

» bpfore in the ,pp6yious experiment, and, indtefed^ performance yas generally 
better on these sentences* The oroosite was true, however, when the input, 
was an oVerlearned letter- tripleft^Perhapa^frhal; mattered was not compatibility 
between t&poral order of input*and sequence ofnaention in the test 
sentence. Instead, the critical, factor may have been a tacit assumption that 

. as elements Of the input order were retrieved from memory, the one most 
readily retrieved was likely to be the correct one t This account squares 
with the bindings from both e±periments. . * * » 

Finally, benchmark accuracy was greater for affirmative test sentences 
(•68) than for negatives (.63),J£(1, 116) *"5.43, _£ < .05. • This effect 
was somewhat* smaller than in Experiment 1, although not unreasonably so. The 
effect ctoi^Ld have been attenuated by the generally lower level of perfpriiance 



in the second experiment, in whichwnean benchmark accuracy was .65 as 
compared to .70 in the"* first experiment* * % 

Both Experiments: Analyses Concerning Individual Differences 

To investigate the stability of individual differences among children, 
.averages were com puted. across test sentences for each child! For example,, 
from the data of Experiment 1 four values were, computed": (a) ^he logistic 
transform of mean accuracy over all tbst sentences, (b) mean decision, tine 
trimmed to exclude the chip's fastest and slowest responses, (c) the child's 
negation effect for accuracy, computed as the difference between logistic 
accuracy on affirmative and negative test sentenced, and (d) the child's 
negation effect for decision time, computed as the difference between trimmed 
mean times pn affirmative .and negative te*sts. v j (Estimates of a child's 
individual position and preposition effects *ere not computed .for this 
experiment, however, because these effects interacted with input condition, 
as reported in ^Tables 1 and 2)* -Variables (a) and \\s) were used together as 
a composite indicator of the child's overall performance, in the experiment, 
and variables (c) arid (d) were used together as a 'composite indicator of the 
negation effect for that child. Similarly, accuracy and time variables 
compared from the, data of Experiment 2 provided composite indicators of a 
child's overall performance, negation effect adjective effect, position 
effect, and 4ual- task penalty* A final variably was the, child's total score 
on the secondary recall tdsk in Experiment 2* 

Canonical correlations were commuted among these composite indicatiors* 
canonical correlation measures the association between two sets of variables? 
^ in the special case whert? one "set contains one variable (i.e., the recall 
scoi%) and ihe second set contains more than one, a canonical .correlation is 
identical to a multiple correlation* Actually, the canonical correlations 
were computed twice, first on the .original variables as defined abpve and 
then on residual variables computed by removing liheaf and quadratic trends 
in school grade from every original variable* The original and residual 
canonical correlations were nearly identical* Differences in absolute f 
9 magnitude between the two correlations ranged from zero to .05.4 ^nd ayerfcged^ 
* *0t6* Thus the correlations remained the -same when developmental variance 
wa-s removed* . j , 

/ 

Insert Table 5 here. 



, Table 5 shows the canonical correlations for the original variables* It 
should be noted that these variables are bastfd on* at best, a modest number 
of trials per child and that most of the variables are difference scores, • 
which are notorious for having low reliability. .Thus the correlations may be 
attenuated. Despite this possibility, several correlations were 
significant. Thp correlation between overall performance in the two 
experiments indicates that^the cognitlye abilities underlying sentence 
completion are moderately ptable over time (approximately nixie months) arid 
over nontrivial modifications of experimental design. * ( 

Hptably, the negation effect was associated with overall performance. Of 
the four correlations between two estimates the negation effect and tVo of 
overall performance, three yere significant. Inspection of the canonical 
coefficients (analogous to regression coefficients) showed that children, with 
higher overall performance had smaller deficits on negative sentences. * 

Finally two resu^s concerning the dual-task penalty were interesting* 
First, the penalty was smaller for children with high everalL performance 



than for those whfc werQ low overall. , Recall that the dual-task penalty was, 
not associated with age. It was, however ? associated Kith individual 
differences in Sentence completion* -Apparently, ability to manage an extra 
memory-load varied among individuals ip'a wa? thaWid not change with ttae 
ovefr the ^ange of ages in these experiments. Second, the dual- task penalty 
was clearly associated with the position effect. The canonical coefficients 
shoved that children who suffered a large' penalty -when the secondary recall 
task was imposed also 'experienced a smaller benefit when' the porrect response 
was from the last (easier) position* This finding lends support to the 
argument made above that the positioh effect in sentence completion may be 
related to the recency effect ip free recall. 

* General Conclusions * 
Our experiments support the conclusion that sentence completion produces 
effects broadly parallel to thQse typically obeserved in sentence 

§ verification.' Whatever cognitive processes produce the negation, and 
comparator effects in verification were uubably responsible for the similar 
effects we found in completion. However/rrespite the presence of similar - 
effefc/ts, there may be,an' important difference concerning magnitude of 
effects. In ve^fic^tion, where the^ajcr variable is usually reaction time 

sat nearly perfect accuracy, tjie extra time for negation is ordinarily much 
larger than the difference in time between comparatbrs (Carpenter & Just, 
1975; Trqoasso, 1972) • 0 In the present experiments on completion, where the 
major variable wasybenchmark accuracy at intermediate levels between chance 
and errorless peformance, the effect of negation was distinctly and 
consistently smaller than the difference in accuracy between comparators, 
^his. reversal in the relative magnitude of the negation and comparator 6 
effects could^be attributed to .numerous procedural differences between the 
present experiments and published studies of verification. New studies that 
directly compare the two paradigms seem warranted. 

An additonal conclusion Is that individual differences in sentence 
completion *ajre at least moderately stable** There is good reason to believe 
that such differences derive from variation in the efficiency with whiph 
different, children executed elementary cognitive processes, including 
processes for managing memory loads and for performing an act of negation 
upon. information hel£ in a memorial representation. What remains in doubt is 

. not whether there is stability in these differences but how much* It is 
possible ^hat our correlations might have been greater if more extensive data 
involving many more trials had been obtained from each child. 
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N Table 1 

Interaction concerning the Preposition Effect: Accuracy for 
* After and Before with Letters and Words as Znput (Experiment 1) % _ 

Preposition ' Letters Words Sentences 
arte* , .86 .62 * " „ .76 

before .45 ■ *.79 .65 

Hote. The tabled values are on a scale of proportion correct , computed by 
converting to this scale from adjusted benchmark accuracy on She logistic 
scale. 



. . ' • Table 2 ■ 

Interaction concerning the Position Effect: Accuracy for Positions 1 and 5 
as the Correct Position *±£h*letters and Words as Inpqt (Experiment' l) 

Position Letters* Words Sentences 

1 ^ i .80 .56 ' .70 

^ "3 -50 .84 ..69 

■ . 

Hote, The tabled values are on a scale of proportion correct, ^computed by 
converting to this scale from adjusted benchmark accuracy on the logistic sc 
sca^eA ? ( 
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Interaction .Tjetveen Age and Adjective: Accuracy of Younger and Older 
Childrerf for Same and Opposite Adjective" (Experiment 2) 

Adjective * * Younger Older , Mean - 
> Same ( faster) ' ,69 # .75 .72 

* Oppo site {slower) fc • 56 * 59 * * 57 ' , , 

\ . 
Note. The tabled values are on a seal© of proportion correct , computed by 
converting to this scale, fronu adjusted benchmark accuracy on tho. logistic 
scale* K 
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Interaction /between Age and Position: Accuracy of Younger and Older 
Children for Positions 1 and 3 as the>Correct Position ^(Experiment 2) 

Position ' Young ei* Older Hean 
;1 1 . .5$ " ' .67 ' .63 

'? J' 3 > .66 # .68 * .67 

Th^ tabled values are on a .scale of, proportion correct, computed by 
rting to this scale from adjusted benchmark accuracy on the logistic 



m Table 5 

•Canonical Correlations Within and Between Experiments 



- Variable j •. ]{Z}> (3) *~(4) (5) (6) (7) (8)' 

Experiment 1 . . . 

Overall performance (0* .38** .32* .38** .19 '.15, .09 * .28* 

Negation effect (2) .21 # .19' .26 .16* .16 .13 

Experiment '2 * 

Overal). performance (3) " . <>34* .22 .30 .32* .11 

. , Ifegation effect ,(4) . ' .20 .30 '.23 .10 

' Adjective effecM5) . V .28 .24 .12* 

Position effect (6) ' .44** .09 

Dual- task penalty (7) / .04 

Recall* score (8) ' ! N 



*£< .05 " i 

*» 2 < -oi y 
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